FLEXIBLE ELECTRICAL CIRCUIT WITH 
SLOTTED COVERLAY 



Field of the Invention 

The present invention relates generally to flexible electrical circuits. In particular, the 
invention is a flexible electrical circuit having a slotted or siped coverlay. 

Background of the Invention 

A wide variety of flexible electrical circuits (also sometimes known as flex circuits) 
are well known and used in many different applications. The structure of a relatively simple 
flexible circuit has one or more electrical leads or traces (e.g., formed of copper or other 
conductive metal) covered on one or both sides by a protective coverlay (also sometimes 
referred to a coverlayer or a cover coat). The coverlay is typically a dielectric material such 
as polyimide. A more complex flexible circuit structure of this type has a dielectric base 
layer on one side of the electrical leads or traces, and a coverlay on the other side. Still other 
known flexible circuits have a dielectric base layer without a coverlay. 

Integrated lead or wireless suspensions used to support read/write transducers in disk 
drives or other dynamic data storage systems are another type of flexible circuit. These 
devices typically have a stainless steel or other spring metal layer for supporting the 
electrical traces. A layer of dielectric insulating material separates the traces from the 
stainless steel. A protective dielectric coverlay is commonly applied over the traces. 

Unfortunately, due to the differences in the thermal and hygroscopic expansion 
properties of the different layers of material in a flexible circuit, the circuits are susceptible to 
curl. For example, when the coverlay material is cured during its application to the flexible 
circuit, or when the coverlay is cooled or dried after application to the flexible circuit, the 
length of the coverlay can decrease more than the conductor layer, and cause the flexible 
circuit to curl toward the coverlay. Conversely, if the coverlay is heated or hydrated, its 
length can increase more than the conductor layer, and cause the flexible circuit to curl away 
from the coverlay. This curling can interfere with mechanical or other characteristics of the 
flexible circuit or other structures to which the flexible circuit is mounted. In the case of 
integrated lead suspensions in particular, this curl can cause changes in important operational 
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parameters such as the static attitude and gram load of the suspension. There is, therefore, a 
need for integrated lead suspensions and other flexible circuits having reduced susceptibility 
to curl. To be commercially viable, any such flexible circuit should be efficient to 
manufacture. 

Summary of the Invention 

The present invention is a flexible circuit having a slotted or siped coverlay that 
reduces the susceptibility of the flexible circuit to thermal and hygroscopic-induced curling. 
This curling-compensated flexible circuit can be efficiently manufactured. 

One embodiment of the invention includes one or more electrically conductive traces, 
and a dielectric layer on a surface of at least one of the traces. The dielectric layer is 
susceptible to thermal and/or hygroscopic-induced expansion and contraction. Slots in the 
dielectric layer are oriented non-parallel to a longitudinal axis of the conductive traces, and 
reduce curling caused by the thermal and/or hygroscopic-induced expansion and contraction 
of the dielectric layer. 

A preferred embodiment of the invention is an integrated lead suspension having a 
plurality of traces. The slots can be perpendicular to the longitudinal axis of the traces and 
parallel to one another. 

Brief Description of the Drawings 

Figure 1 is an illustration of a portion of an integrated lead or wireless flexure having 
a slotted coverlay in accordance with a first embodiment of the present invention. 

Figure 2 is a cross sectional illustration of the flexure shown in Figure 1, taken along 
lines 2-2. 

Figure 3 is a cross sectional illustration of a portion of an integrated lead flexure 
having a slotted coverlay in accordance with a second embodiment of the invention. 

Figure 4 is a cross sectional illustration of a portion of an integrated lead flexure 
having a slotted coverlay in accordance with a third embodiment of the invention. 
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Figure 5 is a cross sectional illustration of a portion of an integrated lead flexure 
having a slotted coverlay in accordance with a fourth embodiment of the invention. 

Detailed Description of the Preferred Embodiments 

Figures 1 and 2 are illustrations of a portion of an integrated lead suspension or 
flexure 10 having a siped coverlay 12 with slots 13 in accordance with a first embodiment of 
the invention. As shown, the flexure 10 also includes a stainless steel or other spring metal 
layer 14, electrical leads or traces 16 formed from a conductor layer (e.g., copper alloy), and 
a layer 18 of dielectric (i.e., an insulator) between the stainless steel and traces. In the 
embodiment shown, the coverlay 12 extends over the group of adjacent traces 16, the space 
between the adjacent traces, and a short distance beyond the group of traces. In other 
embodiments (not shown), the coverlay 12 can extend over greater or lesser portions of the 
flexure 10. With the exception of the slots 13, flexure 10 can be of any known or otherwise 
conventional design. Photolithographic etching or other known or conventional processes 
can be used to manufacture the flexure 10, including the coverlay 12 and slots 13. 

Slots 13 are oriented in a non-parallel direction with respect to the direction of the 
curl that is desired to be compensated by the invention. In the illustrated embodiment of 
flexure 10, thermal and hygroscopic expansion of the coverlay 12 would tend to cause curl in 
a direction parallel to the traces 16. Accordingly, the slots 13 are oriented in a non-parallel 
direction with respect to the longitudinal axis of the traces 16. Although not necessary to 
achieve the desirable results of the invention, in the preferred embodiment shown in Figures 
1 and 2, the slots 13 are perpendicular to the longitudinal axis of the traces 16. 

The depth and distance between the slots (pitch) can depend on a number of factors 
such as the thickness of the coverlay 12, the thermal and hygroscopic characteristics of the 
coverlay, the values and ranges of temperatures and humidity to which the flexure 10 will be 
exposed and the amount of curl that is desired to be compensated for (i.e., reduced). In one 
embodiment of flexure 10, the pitch is about 100 ^m. The range of the pitch can be between 
about 25 fim and 200 fim, but pitches outside this range are also contemplated by the 
invention. In the embodiment illustrated in Figures 1 and 2, the slots 13 do not extend 
completely through the coverlay 12. However, slots 13 of other depths are also contemplated 
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by the invention. By way of example, flexures 10' 5 10" and 10"' shown in Figures 3-5, 
respectively, illustrate siped coverlays 12', 12" and 12"' having a slots 13', 13" and 13"' 
of different depths and pitches. The depth and pitch of the slots 13 can also vary, although 
they are constant in the illustrated embodiments. Similarly, although the slots 13 are parallel 
to one another in the illustrated embodiments, the slots can also be non-parallel. 

Although the invention has been described with reference to preferred embodiments, 
those skilled in the art will recognize that changes can be made in form and detail without 
departing from the spirit and scope of the invention. For example, although described in 
connection with an integrated lead flexure, the siped coverlay can be used in connection with 
other flexible circuits, such as on a single side of a conductor, on two sides of a conductor, 
and on a conductor backed only by a dielectric base layer. Furthermore, although the siping 
has been described as being in a coverlay, siping in accordance with the invention can be 
incorporated into other dielectric layers such as a polyimide base layer. 
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